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Widdringtonia cedarbergensis seeds sown in pots with soil 
collected under fynbos had a mean germination of 48,16%. 
Mean germination was 6,0% in pots on soil collected under 
adult Widdringtonia cedarbergensis with the cedar litter left 
intact or scraped off. Germination was 49% in pots on 
cedar soil with the litter burnt off. These results suggest 
that cedar litter under mature canopies inhibits germination, 
and that the inhibiting factor was removed by fire. Field 
data, however, showed no difference in the occurrence of 
seedlings on burnt or unburnt areas, although higher 
seedling numbers were associated with burnt parent 
canopies. 
Widdringtonia cedarbergensis-saad wat in potte met grond 
wat onder fynbos versamel is, gesaai is, het 'n gemiddelde 
ontkieming van 48,16% getoon. 'n Gemiddelde ontkieming 
van 6,0% het voorgekom in potte met grond wat onder 
volwasse Widdringtonia cedarbergensis versamel is en 
waarvan die blaarafval onaangeraak gelaat of afgeskraap is. 
Ontkieming van 49% is gevind in potte met grond wat 
onder sederbome versamel is en waarvan die blaarafval 
verbrand is. Hierdie resultate dui daarop dat sederboom-
blaarafval ontkieming onder volwasse bome inhibeer en dat 
die inhibeerder deur vuur uitgeskakel word. Velddata toon 
egter geen verskil in die voorkoms van saailinge onder 
gebrande of ongebrande areas nie, alhoewel 'n groter getal 
saailinge gevind word onder moederplante waarvan die 
blaredak gebrand is. 
Keywords: Allelopathy, germination, Widdringtonia 
cedarbergensis 
The Clanwilliam cedar ( Widdringtonia cedarbergensis Marsh), 
a threatened tree species of the Cupressaceae, is endemic to 
the Cederberg mountains in the south-western Cape Province. 
Regeneration is strongly irtfluenced by fire and mortality is 
often very high in intense wild fires (Manders 1986). 
Seed is released annually from January to April (Manders 
1985). Although there is some germination of seed every 
winter, establishment is most prolific in the first few years 
after a fire (Kruger & Haynes 1978; Manders 1987). The 
subsequent decrease in establishment cannot be ascribed to 
a decrease in seed production resulting from adult tree 
mortality after fire. The phenomenon of reduced regeneration 
occurs both where tree mortality is very low and where post-
fire stands return to pre-fire status (pers. obs.). 
Seed dispersal distances are limited in Widdringtonia 
cedarbergensis, with almost all seed falling under the parent 
tree's canopy (S.A. Botha, unpublished data). Seedlings are 
seldom found further than 30 m from the nearest parent plant 
(Kruger & Haynes 1978). Dispersal is by wind and surface 
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runoff of rainwater (Andrag 1977). There are no wings or 
other structures to promote the dispersal of these large seeds, 
which have an average air-dry mass of 0,078 g (n = 2000, 
unpublished data). The seeds have no dormancy period after 
release and germination usually begins 14 to 21 days after 
inhibition (Marsh 1965). 
Seedlings do not establish readily under mature trees, which 
may be due in part to the presence of cedar litter. Those 
seedlings that do appear become chlorotic and stunted and 
usually die (Kruger 1970). I theorize that some allelopathic 
component is removed by fire, permitting germination and 
establishment in the immediate post-fire environment. There-
after the accumulating litter fall could return the allelopathic 
component to the soil, to increasingly inhibit further germina-
tion. The bulk of the seed landing on the litter under the trees 
could account for the lack of germination with increasing time 
after a fire. 
Reduced regeneration in unburnt stands within fire-prone 
environments has been noted for members of the Proteaceae 
(Bond 1980, 1985) and Eucalyptus incrassata (Wellington & 
Noble 1985). In these examples there is an accumulating seed 
pool and an apparent mechanism of predator satiation to 
optimize regeneration in the immediate post-fire environment. 
It is not clear, however, whether there is any adaptive value 
in annual seed production in cedars, as seedling establishment 
is unlikely in most years and no seed bank is established. 
Cedars tend to suppress the surrounding vegetation. This 
has been presented as a mechanism by which stands of cedars 
or individuals may in the past have become self-protecting 
from recurring fires (Manders 1987). Therefore, the reduced 
regeneration seen in older vegetation may be the result of a 
non-specific mechanism which decreases vegetation under 
adult trees, reducing the risk of death in fires . Accordingly, 
regeneration after fires will occur on burnt sites, near adult 
trees, where the cedar litter has been burnt off. Death of the 
parent canopy should enhance regeneration as litter fall will 
cease soon after the fire, or stop immediately if the canopy 
is burnt away. 
This study attempted to establish the effects of cedar litter 
on cedar seed germination, and whether any inhibitory effect 
could be reduced experimentally by burning the litter or 
removing it physically. The hypothesis that regeneration is 
restricted to burnt areas, particularly where adult trees are 
killed, was tested in a survey of seedling densities at the 
recently burnt Die Bos site in the eastern Cederberg. 
Five treatments were carried out, comprising soils collected 
from: 
(a) under cedars, with 
(i) cedar litter left intact, 
(ii) cedar litter burnt off with a gas blow torch, 
(iii) cedar litter scraped off to permit direct seed/soil contact; 
(b) from under fynbos 10m away with 
(i) litter left intact and small plants cut back to ground level, 
(ii) litter and small plants burnt off. 
In all treatments the top 50 mm of soil was removed intact 
from the ground. Plastic pots with a diameter of 150 mm 
were partially filled with soil from below this layer. The pots 
were subsequently topped up with the top soil after it had 
been treated. Six pots were used for each treatment, with 50 
seeds sown on the surface in each pot on 16 May 1986. 
The pots were placed in an open shaded stand, the soils 
were kept moist, and the number of emerging seedlings was 
observed for 60 days after sowing. No further germination 
was observed for a further 60 days after this time. 
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Seed viability is expressed in terms of total germination and 
germination value. Germination value is defined as 
GV = PV X MDG 
where GV is the germination value, PV is a peak value, and 
MDG is the mean-daily germination percentage over the test 
period (Czabator 1962). The peak value is the maximum value 
of the cumulative germination percentage divided by the 
number of days to reach this percentage. The peak value 
reflects the speed of germination, and the mean daily germi-
nation reflects the completeness of germination. The product 
(germination value) of the two values reflects both properties 
(Czabator 1962). 
Although the number of observations was small, the 
distribution of the data approximated a normal distribution. 
For both the total percentage germination and the germination 
value, the multisample hypothesis of equal means was tested 
through analysis of variance. The Student- Newman- Keuls 
multiple range test was used to identify differences between 
means. The significance of the differences between groups was 
then confirmed by lumping the grouped treatments and 
performing an analysis of variance. Data were analyzed using 
the GLM procedure of the SAS statistical package (SAS 
Institute Inc. 1985). 
Seedling recruitment was surveyed on 2 September 1986 at 
Die Bos, a stand of cedars partially burnt in November 1984. 
Pre-fire adult densities in this area averaged 91 (S.E. = 37) 
per hectare (pers. obs.). Ninety-seven randomly located circu-
lar plots of 5 m2 were sampled. All plots were located within 
5 m of a parent canopy. The variables recorded included the 
number of seedlings, whether the plot was burnt, and whether 
the nearest canopy was alive. The collected data were not 
normally distributed because a large number of plots had no 
seedlings. Therefore the Wilcoxon- Mann- Whitney rank-
sum ( U) test was used to test for statistically significant dif-
ferences in the number of seedlings between burnt and un-
burnt plots. Data were analyzed using the NPAR1 WAY pro-
cedure of the SAS statistical package (SAS Institute Inc. 1985). 
The effect of the death of the parent canopy was investi-
gated by a frequency analysis of the presence of seedlings in 
the plots. A chi-square test of independence was used to test 
the hypothesis that the occurrence of seedlings on burnt and 
unburnt plots was independent of whether the nearest canopy 
was dead or alive. The procedure to correct for continuity 
and analysis of fourfold tables was adopted from Zar (1974). 
Marked differences in germination could be observed in 
the different treatments (Table 1). Germination on cedar soils 
was poor both where the litter layer was left intact and where 
the litter was scraped off. Burning the litter improved germi-
409 
nation to the levels found on burnt and unburnt soils from 
under fynbos. 
Analyses of both total germination and germination value 
demonstrated that the differences between the unburnt soils 
from under the cedars and the other soils were significant at 
P = 0,0001 (Table 1). 
Analysis of the regeneration under the burnt cedar stand 
at Die Bos showed almost identical success in burnt and 
unburnt areas (Table 2). The occurrence of seedlings, however, 
was shown to be associated with the death of the nearest cedar 
canopy (Table 3). 
A physical barrier to germination could be formed by the 
mesh of dead cedar branchlets in the litter supporting the 
seeds above the soil and preventing adequate imbibition. 
Scraping the litter off the soil surface removed any physical 
barrier and permitted a direct seed/ soil contact. 
Burning the litter and plants on the fynbos soil had no 
effect. No generalizations should be made from this as there 
was no significant accumulation of litter on this soil to form 
a physical barrier, and the chemical properties of the litter 
and soil may be related to the species present. 
The data from the cedar soil experiments show that re-
generation should be restricted to burnt sites but are not 
supported by the data from the survey at Die Bos. There are, 
however, reasons for not accepting this conclusion entirely. 
Table 2 Occurrence of Widdringtonia cedarbergensis 
seedlings in 97 circular plots of 5 m2 in burnt and 
unburnt areas at Die Bos. The mean scores (Wil-
coxon- Mann -Whitney test) are not significantly 
different 
Type 
of area 
Unburnt 
Burnt 
Number 
of plots 
25 
72 
Total number 
of seedlings 
20 
61 
Mean 
plot score 
47,08 
49,67 
Table 3 Contingency table of the occurrence of Wid-
dringtonia cedarbergensis seedlings on burnt and 
unburnt sites, subdivided according to the condition 
of the nearest parent canopy.>? = 18,498, significant 
at P = 0,001 
Dead canopy 
Living canopy 
Totals 
Burnt plots Unburnt plots Totals 
53 
8 
61 
7 
13 
20 
60 
21 
81 
Table 1 Total germination percentages and germination values ( ± standard error) of 
Widdringtonia cedarbergensis seeds after 60 days on five differently treated soils. The 
multisample null hypothesis of equal means is rejected at P = 0,0001 for both variables. 
Means in the same letter grouping are not significantly different at P = 0,05. Germination 
percentages of the treatments grouped according to these letters are significantly different 
at P = 0,0001 
Treatment Germination (OJo) Grouping Germination value Grouping 
Cedar soil, litter intact 7,67 ± 1,41 A 0,0118 ± 0,003 A 
Cedar soil, litter scraped off 4,33 ± 1,58 A 0,0047 ± 0,003 A 
Cedar soil , litter burnt off 49,00 ± 4,05 B 0,4675 ± 0,089 B 
Fynbos soil, litter burnt off 45 ,33 ± 3,08 B 0,3382 ± 0,043 B 
Fynbos soil, litter intact 51,00 ± 5,23 B 0,4583 ± 0,092 B 
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Seedlings in burnt areas may have been fewer than expected 
because extreme fire intensity left barren zones with no 
regrowth of any species after nearly 2 years, and because the 
fire occurred in November, before the period of seed release. 
Where the canopy was destroyed in areas of very intense fire, 
there would be no input of seed following the fire. Seedlings 
in unbumt areas may have been more than expected because 
the period between the fire and the survey spanned two rainy 
seasons, and may have been sufficient for the inhibitors 
present in the small unbumt patches to be leached out and 
diluted to some extent. Seeds released from surviving adults 
may have contributed to the seedlings present. The proposal 
that regeneration should be favoured under or near dead 
parent canopies, provided the seed crop is not destroyed in 
the fire, is supported in Table 3. 
Allelopathic properties of aqueous extracts of forest trees 
have been widely reported (Rice 1979; Maclaren 1983), and 
suppression of vegetation under lodgepole pines has been 
ascribed to the chemical effects of the litter (Perry & Lotan 
1979). Low germination on the unbumt cedar soils with the 
litter removed suggests the presence of a chemical germination 
inhibitor, possibly a leachate from the cedar litter. It would 
appear that this compound or group of compounds is either 
altered or volatilized by heat when the litter is burnt off. 
Low germination and the adverse effects noted on cedar 
seedling growth apparently reflect a non-selective allelopathic 
mechanism which results in the suppressed plant growth 
observed under adult trees. This would decrease competition 
and fuel accumulation in the vicinity of the tree. Increasing 
auto-inhibition with increasing post-fire age could explain the 
decrease in cedar regeneration, although this was not sup-
ported by the field survey. 
Assuming the above tentative conclusions to be correct, 
prescribed bums with intensities low enough to ensure ade-
quate adult survival, while effectively removing the accumu-
lated litter, may be used as a management tool to improve 
the status of the cedar populations. These bums should be 
carried out at the period of natural seed release so that seed 
falls on a suitable seed bed. Burning at this time (late summer 
and autumn) will also minimize litter fall before germination 
with the onset of winter. This complements arguments based 
on the reduction of granivory which also indicate late summer 
and autumn as the most appropriate time to bum cedar areas 
(Manders 1985). 
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